Background: Citrinin is a mycotoxin produced by several species of the genera Aspergillus, Penicillium and Monascus and it occurs mainly in stored grain. Citrinin is generally formed after harvest and occurs mainly in stored grains, it also occurs in other plant products. Often, the co-occurrence with other mycotoxins is observed, especially ochratoxin A, which is usually associated with endemic nephropathy. At the European Union level, systematic monitoring of Citrinin in grains began with the aim of determining its highest permissible amount in food. Thus, far the systematic monitoring of the above mentioned mycotoxin in Croatia is yet to begin.
Introduction
Citrinin (CTN) is a nephrotoxic mycotoxin produced by several species of the genera Aspergillus, Penicillium and Monascus. CTN occurs in different plant products, especially in grains (Flajs & Peraica 2009 , Főllmann et al. 2014 , and also in beans, fruit, vegetables, herbs and spices. Often, the co-occurrence with other mycotoxins is observed, especially ochratoxin A (OTA) Besides its nephrotoxicity, which has been proved by various studies, there is also proof that CTN is involved in induction of apoptosis through oxidative stress, although the precise regulatory mechanism is yet to be determined (Chen & Chan 2009 ). CTN induces micronucleus formation of centromeres while OTA damages chromosomes in HepG2 cells. Together these structurally related mycotoxins can significantly increase the possibility of carcinogenesis in humans even though their mechanism of action completely differs (Knasműller et al. 2009 ). Because of their cytotoxicity, it was considered that CTN and OTA can induce Balkan endemic nephropathy (BEN). Recent research shows that BEN often occurs after the exposure to phytotoxin aristolochic acid (AA), produced by Aristolochia clematitis. Although there are studies which connect aristolochic acid to BEN, clinical symptoms and Chinese herbs nephropathy (CHN), we cannot neglect the connection between OTA, CTN and BEN (Jelaković et Multiple animal experimental models show different toxicological effects of both CTN and OTA; nephrotoxicity, hepatotoxicity, embriotoxicity, cytotoxicity, immunotoxicity, carcinogenicity and the induction of reactive oxygen species (ROS) (Sugiyama et The highest permissible amount of citrinin in food was most recently added to the European Union legislation. This indicates that there is much concern about this particular type of mycotoxin. It has been suggested to the Member States that they monitor the levels of Citrinin in grains and grain-based products. The obtained results are collected by the European Food Safety Authority (EFSA) for the purpose of health risk assessment and determination of highest permissible amounts of Citrinin in different food categories (European food safety authority 2012). In EFSA's opinion CTN is a nephrotoxin and its studies are still essential for the purpose of collecting new information concerning the contamination of grains an grain-based products in food or feed.
Given that in Croatia there are areas where incidence of BEN has been recorded BEN, this study analyzed the samples of corn and wheat from the areas of Osijek-Baranja, Vukovar-Srijem and Brod-Posavina County, and also from Međimurje County which was used as a control group.
Materials and Methods
For the purpose of this study, samples were divided into two groups. The first group consisted of corn and wheat samples from Međimurje County and the second group consisted of corn and wheat samples from OsijekBaranja, Vukovar-Srijem and Brod-Posavina County. The total of 55 samples were analyzed. From the first group, 10 samples of corn and 10 samples of wheat were analyzed. From the second group, 35 samples were analyzed. Samples from Međimurje County represented the control group in relation to Osijek-Baranja, Vukovar-Srijem and BrodPosavina County, where, regarding the occurrence of endemic nephropathy, the presence of certain amount of Citrinin was expected. The samples from Međimurje County were collected from local corn and wheat producers, while the samples from Osijek-Baranja, Vukovar-Srijem and Brod-Posavina County were collected from the siloses where they were stored. The samples were collected during the years 2013 and 2014.
Sample preparation included weighing 10g of previously homogenized sample and adding 50 ml of methenolone (70%) followed by a 30minute extraction using the magnetic stirrerThe sample was then centrifuged at 4000 RPM for 10 minutes. A volume of 1 ml of supernatant was measured with a pipette and mixed with 49 ml of 10mM phosphoric acid (pH=7.5). The solution was then filtrated through glass fiber filter paper and purified by Solid Phase Extraction column (CitriTest HPLC, Vicam).
For the identification and quantification of Citrinin, High Performance Liquid Chromatography with fluorescence detection (HPLC-FLD) was used which proved to be a good technique for determining this type of mycotoxin in similar researches (European Safety Authority 2012). Citrinin concentration was determined using liquid chromatography (HPLC) (Agilent 1200, Santa Clara, California, USA) with fluorescence detection (FD) (Calibration curve k ≥ 0.999; Intra assay CV = 2.1%; Inter assay CV = 4.3%; LOQ < 1 µg/kg). For more efficient division of samples and better signal resolution, a C-18 column was used (Waters, Milford, USA), dimensions of 50 x 4.6 nm, filer particle size of 2.5 µm, and 30ºC temperature of column.the mobile phase comprised of 80% 10mM phosphoric acid (pH=2.5) and 20% acetonitrile, and the flow was set to 0.5 ml per minute. Purified sample (50 µl) was injected in the HPLC system. Wave lengths of the detector were set to 350 nm for excitation and 500 nm for emission. The duration of analysis was 10 minutes with 80-110 % yield, which is within the criteria prescribed by Directive (Commission Regulation (EU) No 519/2014). Tables 1 -5. Table 1 shows the determined Citrinin levels in OsijekBaranja and Vukovar-Srijem County, while Table 2 shows the results for the analyzed samples from Međimurje County. Table 3 contains the results of the analyzed samples of wheat from Brod-Posavina County. Table 4 shows the result of the Kruskal-Wallis test for all of the samples. Figure 3 contains data on the sample distribution per county. Table 5 shows the results of the Kruskal-Wallis test for corn samples alone. Figures 1 -2 show a spike in the chromatogram (standard and positive sample) in the correct retention time for CTN. 
Results

Results of this study are shown in
Discussion
For the occurrence of mycotoxins in food, Citrinin included, suitable temperature, humidity conditions and toxigenic molds must be present. They occur in food during growth, storage, technological processes and transport (Flajs & Peraica 2009 ). Their toxicity and carcinogenicity has been proved and described in numerous professional and scientific studies (Sugiyama et 
Conclusion
The results of the conducted study confirm the presence of Citrinin in grains from the sampled areas. Given that some of the areas researched are connected to BEN incidence, the studies must include larger number of grains and grain-based products and encompass larger geographical area for the purpose of more effective human health risk assessment.
